Objective The aim of this study was to examine the associations between the visceral fat area (VFA) and the subcutaneous fat area (SFA) as estimated by the dual impedance method with a body composition monitor (BCM) and the diagnostic components of metabolic syndrome in a middle-aged Japanese population. Methods The subjects included 303 men (average age 51.3±9.0 years old) and 345 women (average age 40.0±9.4 years old). The VFA and SFA were estimated by BCM, and the associations among the components of metabolic syndrome (waist circumference, blood pressure and related blood sample tests) were evaluated. Results VFA showed positive correlations with waist circumference, HbA1c, high-density lipoprotein (HDL)/low-density lipoprotein (LDL) cholesterol, triglyceride and uric acid level in men, while showing positive correlations with waist circumference, HDL cholesterol, triglyceride and HbA1c in women. The estimated SFA showed positive correlations with systolic blood pressure, HDL/LDL cholesterol and triglyceride in men, and HDL cholesterol and triglyceride in women. A receiver operating characteristic (ROC) analysis showed the estimated VFA to be as effective as WC to identify subject with metabolic syndrome. Conclusion By estimating the VFA using BCM, it may be possible to identify patients at risk of developing metabolic syndrome and hyperuricemia.
Introduction
It is considered that visceral fat accumulation, rather than subcutaneous fat accumulation, contributes to the development of metabolic syndrome and metabolic diseases (1) (2) (3) . Based on these findings, the waist circumference (WC) corresponding to a visceral fat area (VFA) of over 100 cm 2 is the basic criteria for diagnosing metabolic syndrome in Japan (WC ! 85 cm for men and WC ! 90 cm for women; are the cut-off points suggested by the Japanese Committee for the Definition of Metabolic Syndrome).
However, WC is only a surrogate criterion of visceral fat accumulation. Although WC has a strong correlation with visceral fat, it is only an estimation based on a statistical analysis. Since it is visceral fat that contributes to the development of metabolic syndrome and diseases, it is more appropriate to only measure VFA.
A computerized tomography (CT) scan is known to be the most effective way to measure VFA (4) . However, CT scans require the patient's cooperation (sedation and radiation) and they are also time consuming. Another way is to A B use a body composition monitor (BCM). This system uses the dual impedance method, which can estimate fat composition (both VFA and subcutaneous fat area: SFA) without radiation exposure and in less than 5 minutes. Previous reports based on small sample sizes showed that BCM has a good correlation with the anthropometric parameters of central obesity (5) . However, it is not clear whether VFA measured by BCM is able to replace WC as diagnostic criteria for identifying metabolic syndrome. Furthermore, the impact of VFA measured using BCM on the diagnostic components of metabolic syndrome has not yet been well investigated.
We herein used BCM for the measurement of VFA to investigate the correlation between WC and its impact on the diagnostic components of metabolic syndrome. Our results suggest that BCM-measured VFA has a good correlation with WC, according to the currently used diagnostic criteria for metabolic syndrome, and it is therefore considered to be effective in the diagnosis of metabolic syndrome. Moreover, we found that VFA estimated by BCM has an impact on the uric acid level. The present data indicate the usefulness of using BCM to diagnose metabolic syndrome at an early stage or to identify subjects who are at risk of developing metabolic disease.
Materials and Methods

Participants
The participants consisted of those who underwent health check ups at Hidaka Hospital, Gunma, Japan. A total of 648 subjects (male: n=303; average 51±9 years old, female: n= 345; average 40±9 years old) participated in this study.
Data collection
The health check included a physical examination, anthropometric measurements, WC and a serum blood analysis, which included fasting glucose, glycated haemoglobin (HbA 1c: National Glycohemoglobin Standardization Program values), total cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride levels, and uric acid. Height and weight were measured using a standard stadiometer and scale with the participants in light clothing. The WC was measured midway between the lowest rib and the iliac crest with flexible anthropometric tape (6) . The body mass index was calculated as weight/height 2 (kg/m 2 ), and blood pressure was measured using a standard mercury sphygmomanometer. The body fat composition was measured by the dual impedance method using an OMRON HDS-2000 BCM (Omron, Kyoto, Japan). All measurements were performed by trained staff.
Statistical evaluation
Data are expressed as the mean ± SD. A multiple regression analysis was used to identify which parameters predicted the VFA, SFA, and body fat rate. A comparison of WC and VFA as factor for the diagnosis of metabolic syndrome was made using a receiver operating characteristic (ROC) analysis. The area under the ROC curve was used as an index of accuracy. All statistical analyses were performed using the Stat Flex version 5.0 software program for Windows (Artec, Osaka, Japan). A value of p<0.05 was considered to be statistically significant.
Results
The mean ages of the participants were 51.3±9.0 years for men (n=303) and 40.0±9.4 years for women (n=345).
Since WC is one of the main diagnostic components of metabolic syndrome and is considered to reflect VFA, we analysed the correlation between WC and VFA estimated by BCM. The estimated VFA was found to be positively correlated with WC in both men and women (men: r=0.791, p< 0.001, women: r=0.618, p<0.001, Figure) indicating that VFA estimated by BCM is similar to WC measurements, and it is therefore considered to be a useful indicator of diagnosing metabolic syndrome. Table 1 shows the clinical characteristics of the subjects and a comparison of all the factors between the male and female subjects. Next, we evaluated whether VFA and SFA, as estimated by BCM, have any impact on the other diagnostic components of metabolic syndrome. A stepwise multiple regression analysis of the data identified triglyceride, HDL/LDL cholesterol, HbA1c and the uric acid level as significant explanatory variables from estimated VFA in the male subjects. While in the female subjects, HDL cholesterol, triglyceride and HbA1c level were identified as significant explanatory variables from VFA (Table 2) . On the other hand, regarding estimated SFA, systolic blood pressure, HDL/LDL cholesterol, triglyceride for males and HDL cholesterol, and triglyceride were identified in females as significant explanatory variables ( Table 2) .
The ratio of VFA and SFA (VFA/SFA), HDL cholesterol and triglyceride level were identified as significant explanatory variables only in male subjects (Table 2) .
A comparison of the accuracy of diagnosing metabolic syndrome by WC and estimated VFA were evaluated by an ROC analysis with the area under the curve (AUC). In the present study, only the male participants had significantly enough subjects who met the diagnostic criteria of metabolic syndrome for the analysis. When analysed in male subjects, AUC for WC and VFA was 0.996 and 1.000 respectively. Therefore, the estimated VFA was considered to be as effective as the WC measurement.
Discussion
The present study demonstrated that VFA estimation by BCM has a good correlation with WC, which is currently used in the diagnosis of metabolic syndrome. Although there is a report that indicated the usefulness of BCM for diagnosing and monitoring metabolic syndrome based on a relatively small group of subjects (5), this is the first report to present its usefulness based on a large number of Japanese subjects.
The ultimate goal of diagnosing and treating metabolic syndrome is to prevent its progression into more severe states such as diabetes and cardiovascular disease. There are a number of reports showing visceral fat being more pathogenic compared to subcutaneous fat (3, (7) (8) (9) (10) . This is because metabolically active adipose tissues, which secrete active substances, such as inflammatory markers and adipocytokines, are mostly found in the visceral area (11-13). Our present study showed that the estimated VFA by BCM positively correlated with WC in both men and women. In addition, the ROC analysis revealed the estimated VCM to be as effective as WC to identify subjects with metabolic syndrome. These results reemphasize the effectiveness of measuring WC to diagnose metabolic syndrome. However, an epidemiological study by Kuk et al. showed that correlation of WC and VFA is influenced by age and sex (14) . In addition, WC measurement is reported to show variation between measurements (15, 16) . The most accurate and reliable method to measure VFA is using CT. However, due to the risk of radiation, CT measurements cannot be used as a regular measurement modality. Because the estimated VFA by BCM is reported to have a good correlation with VFA measured by CT (17) , the estimation of VFA by BCM may provide accurate information equal to CT measurements.
Clinically, visceral fat is also strongly associated with diabetes and the development of insulin resistance (18) . Consistently, the present study's results also indicate that the estimated VFA is associated with HbA1c in both males and females. Recent studies indicate that ectopic fat accumulation in organs such as the liver and heart may predict the future development of diabetes (19, 20) . The increase of visceral fat reflects the increase of ectopic fat accumulation and can be considered as a maker of ectopic fat (20, 21) . Taking these findings into consideration, VFA estimation by BCM can therefore be powerful tool to identify patients with ectopic fat accumulation. There are numerous reports indicating the reliability of BCM estimation of VFA (5, 17, 22, 23) . However, one must take into account that the VFA value from BCM is based on completely different technology compared to the CT-based VFA measurement, which is the most accurate method. BCM can only estimate the VFA by measuring impedance by two different pathways of current through abdominal fat (17, 22) . Ida et al. reported that when comparing the time dependent change of VFA after weight reduction therapy by CT and BCM measurement, BCM measurement tend to show more significant change (23) . This may be due to the difference between the principle method of CT and BCM. Further detailed study is therefore required.
Interestingly, we found that VFA was associated with the uric acid level in men. Although uric acid is not included in the diagnostic components of metabolic syndrome, recent studies have revealed that increased uric acid leads to the development of atherosclerosis, which ultimately results in hypertension and leads to increased mortality (24) (25) (26) (27) . The contribution of visceral fat accumulation to the development of hyperuricemia is well reported (28, 29) .
In the present study, we found that the impact of VFA on the diagnostic components of metabolic syndrome is larger in men than in women. Previously, when we evaluated the impact of "self-awareness of fast eating" on the diagnostic components of metabolic syndrome among middle-aged Japanese subjects, we also found that women are less affected (30) . It is possible to speculate that, similar to selfawareness of fast eating, VFA may have less impact on such diagnostic components in women compared to men. However, since there are contradictory reports regarding gender difference and the impact of VFA on metabolic factors (8) , further studies are required.
Usually, when considering the pathophysiology of metabolic syndrome, VFA is focused on as the main contributor (11) (12) (13) . In the present study we found that VFA, rather than SFA, significantly affects the diagnostic components of metabolic syndrome. However, when analysed with the ratio of VFA and SFA (VFA/SFA) its impact was found to be smaller. This result indicate that VFA alone has strong impact on the diagnostic components of metabolic syndrome. On the other hand, the subcutaneous adipose cell size is reported to have a direct correlation with WC (31). The hypertrophy of subcutaneous adipose cells is a consequence of impaired adipogenesis. Importantly, a recent report has shown that individuals with a genetic predisposition for type 2 diabetes demonstrated an impaired ability for recruiting new adipose cells for subcutaneous adipose tissue (32) . In this study, although less than that of VFA, we found the estimated SFA also has an impact on the diagnostic components of metabolic syndrome. It is possible that this data is reflecting the impaired adipogenesis of subcutaneous fat tissue, thus suggesting the importance of evaluating SFA for the diagnosis of metabolic syndrome. Further studies are required to clarify to what extent the SFA contributes to the development of metabolic syndrome.
Although we have shown the effectiveness of VFA estimation by BCM, there are some limitations associated with our design. The number of female participants with metabolic syndrome was limited and was not sufficient to evaluate the effectiveness for diagnosing metabolic syndrome. In addition, the important factor of diagnosing/treating metabolic syndrome patient is to follow-up the patient condition. Our present study did not perform any follow-up of the participants and therefore the long term evaluation of BCM as estimated by VFA is required.
Since the number of patients with diabetes and obesity is showing epidemic increases, it is important to identify subjects who are at risk of developing metabolic syndrome, or to diagnose it at an early stage. Therefore, an accurate, simple and inexpensive method to evaluate the risk of metabolic syndrome is urgently needed. As for such a method, we proposed in our previous study that asking about "selfawareness of fast eating" was a simple and effective way to detect patients who are at risk for developing metabolic syndrome (30) . In the present study, we demonstrated that estimating VFA using BCM is also a simple, useful and inexpensive method. Therefore, in clinical practice, the combination of asking about "self-awareness of fast eating" and use of BCM may be a powerful tool to diagnose metabolic syndrome and it related metabolic diseases.
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